In this work, we report the rigidity percolation phenomena in a fast ion conducting (FIC), conditional glass forming system, (AgI) 75-x -(Ag 2 O)-(MoO 3 ) x . In the pursuit of where and why the rigidity percolation thresholds appear within the glass forming range of 20 ≤ x ≤ 37.5, calorimetry and photoelectron spectroscopy experiments have been performed. It is found that the temperature dependence of normalized, in-phase heat capacity, at glass transition temperature, exhibits more fluctuations for samples with higher AgI concentration. This suggests a fragility threshold within the composition range, since the fluctuations indicate a non-Arrhenius type relaxation behavior related to fragile glass. Furthermore, we observe a sign shift in the measured, in-phase heat capacity value that reveals the fragility threshold. The negative heat capacity in the non-Arrhenius region has been corroborated with the thermodynamic behavior of nanoclusters. The negative heat capacity and presence of nanoclusters have been used and discussed to provide evidence for a Nanoscale phase separation. The photoelectron spectroscopy study 
Introduction
Kauzmann's glass condition states that ∂(H − H )/ ∂T drops to zero during glass transition [1] where H denotes the enthalpy of the indexed state, T is the temperature; i.e. across glass transition temperature (T ), configurational entropy (S ) remains continuous during liquid to solid transition [1] , at T , ∆S = S − S = 0 [2] . To microscopically realize this phenomena, J. Phillips and M.
Thorpe [2] [3] [4] [5] introduced a site-bond type mechanical constraints model, for systems that constitute covalent bonds, dominantly. This formalism considers only the nearest-neighbor, central, two-body bondstretching and non-central, three body bond-bending forces. The model, when associated with the entropic glass condition ∆S = 0, incorporating average first coordination number (n ) and medium range order, convolutes into a constraints equation N = N , where N is the number of interatomic force field constraints per atom and N is the number of vector degrees of freedom per atom [2, 5] . In a covalent network structure, the constraints condition acts like rigidity percolation threshold. The condition N < N refers to floppy (FP), polymeric phase, e.g. a linear network in three dimension, N = 2 and N = 3. As more constraints get accommodated within the system, the interconnectivity among the sites increases and rigidity percolates through the system; this phase is known as stressed rigid amorphous phase (SRP) when N > N [5] .
Contemporaneous study on the phenomena of photo-melting in As 2 S 3 glass [6] and giant photocontraction in obliquely deposited porous GeSe 2 [7] could relate to another stable phase where the network is mechanically rigid but stress free [8] . This 'trapped in limbo' phase in rigidity transition corresponds to N = N ⟹ ∆S = 0 [9] . Boolchand et al. [8] [9] [10] [11] rigorously investigated and identified this stress-free phase as Intermediate Phase (IP) that appears in between FP and SRP. IP glasses exhibit non-aging behavior, optimal glass forming tendency [12] and possess self-organization functionality [9] which is the global reconnection of chemical bonds to form stress-free networks [12] . This functionality along with the constraints model has been used to understand protein folding and protein phase transition [13] . The self-organization and IP have been recognized in thin-film transistor used in liquid crystal display [14] and further exploited in various disciplines e.g. soft condensed matter, computer science, electrical engineering, protein science [12, 14] .
Early studies on rigidity transition [8] [9] [10] [11] [19] . However, the constituent glass forming agents for these glasses are P 2 O 5 , GeO 2 and SiO 2 respectively, all of which are strongly covalent glass formers [20] [21] and follow Zachariasen's rules for glass formation as CRN [20] .
Upon increasing the modifier oxide concentration within the base glass environment, the depolymerization of CRN occurs by bridging oxygen (BO) to NBO conversion and formation of Q n species, where Q = [AO O ] , (n + m ≤ 4 and A = P, Ge, Si) and there are gradual changes from ultra to ortho [20] . However, heavy transition metals e.g. Mo, W capable of existing in multiple valance states, are 'conditional' glass formers [20] . Pure liquids of these transition metal oxides require modifier or another network forming oxide for glass formation, BO-NBO conversion, different Q species and modifier cation formation. The ionic character of these metals and ionic bonding or 'partial covalence' [22] [23] between modifier cations and NBOs, significantly enhance the non-covalent, non-directional bonding of these type of glasses. These bonds disconnect the covalent graph and form fragile molecular solid where interatomic strong and intermolecular weak force coexist [15] .
Besides, in the viscosity-temperature profile, liquids that deviate from Arrhenius type behavior, exhibit small changes in heat capacity at T g ; this change is large for fragile glasses with lack of directional bonds [24] i.e. non-directionality of bond enhances the non-Arrhenius type behavior. The structural disparity, in terms of the origin of First Sharp Diffraction Peak (FSDP), between these two types of glasses, has been reported by Swenson et al. [25] . In case of molecular (oxide) glasses, FSDP is significantly contributed by oxygen which is in contrary with other glass formers, e.g. phosphate [26] and borate [27] glasses. Thus, these conditional glass formers are significantly different, in a chemical and topological sense, from CRN forming Chalcogenide and metalloid/non-metal oxides.
In this present work, we report the rigidity percolation phenomena in a FIC glassy system, (AgI The obtained heat flow and heat capacity data have been analyzed using STAR e and OriginPro software.
The XPS study has been carried out in AXIS Ultra XPS instrument with monochromatic Al X-ray source.
The binding energy scale has been calibrated with C1s 284.8 eV peak. The obtained data are fitted with Gaussian-Lorentzian profile after U2 Tougaard background subtraction with Casa XPS software.
Results and Discussions

A. Fragility Threshold and Negative Heat Capacity
∆S is directly related to two measurable quantities, ΔH nr and T g by the form of ∆S = ∆H /T [12] .
When the model solid is glass, ∆S = 0, which indicates that the configurational freedom of glass and liquid are same, otherwise ∆S > 0. Apparently, this feature of configurational entropy is directly reflected upon ΔH nr . In ADSC, the non-reversing heat flow signal exhibits a Gaussian profile encompassing T g ; area under that profile yields ΔH nr [17] . Furthermore, as ADSC involves a sinusoidal modulated heat flow response, the resultant heat flow gets associated with non-zero phase lag (φ). Hence, total heat capacity (C*) is represented by using complex notations; real, in-phase, phase-corrected reversing heat capacity (C = C * . cosφ) and out-of-phase, kinetic heat capacity (C = C * . sinφ).
Other than melting, out-of-phase correction of heat capacity is negligible i.e. C * ≈ C [29] . Measuring C along with ΔH nr has played necessary roles from two different perspectives.
A large fluctuation in heat capacity near T g is a manifestation of deviation from Arrhenius type relaxation behavior due to increasing non-directional bonds. Significant amount of directional covalent bonds form strong system [30, 31] which is a necessary requirement for rigidity transition. This nonArrhenius type behavior suggests system's high vulnerability towards thermal and structural degradation.
Thus, determining the fragile and strong compositions for the present glass has a significant importance in the context of rigidity transition, fragility and relaxation. Thus, the thermodynamic quantity,
The thermodynamic relation,
Where C p and C V are isobaric and isochoric heat capacities respectively, becomes
Hence the experimentally obtained C pPCR and relation (4) substantiate same sign for C V . Now, in the thermodynamic context, negative C V is undoubtedly a compelling topic in the branch of thermodynamic behavior of nanoclusters where two different structural phases separated by free energy barrier [34] . Negative C (≡ (∂E ∂T ⁄ ) ) is a consequence of the 'S' shaped bend in the caloric curve, which has been argued to be the indication of dynamic phase coexistence [35] [36] [37] 39] . In a critical temperature, small finite system undergoes critical oscillation between two metastable states, giving rise to negative slope in the caloric curve [34] [35] [36] [37] [38] [39] [40] .
Thus, incorporating these two assertions, 'sample based' and thermodynamic, it is suggested that negative C pPCR is a result of structural phase, consisted of tissue and cluster. This type of nanoclustering, segregated from backbone forming glass matrix, is the NSPS phenomena. NSPS has been observed earlier in certain glassy systems in some studies on rigidity transition while their detection of NSPS has 8 been based on structural characterizations e.g. X-ray diffraction, Raman etc. [8, 12, 16, [41] [42] [43] [44] . Within NSPS, samples exhibit non-Arrhenius behavior. The NSPS occurs within the compositional range because of loss of network connectivity. Thus this fragility threshold, defined as the sign shift of C pPCR , can be regarded as a shift from a less connected to a highly connected network. To explain this nature of network connectivity or bonding in terms of chemical states of the constituents, we performed XPS for some of the samples from Region-I and Region-II. 
B. XPS study
Figure-4 Relative intensities of oxygen species
The O A intensity decrement and its contribution to O L intensity is interpreted by the equation, The significance of rigidity phases is well studied [8] [9] [10] [11] [12] [13] [14] [16] [17] [18] [19] . In this work, we also pursue the 
Conclusion
In this work, we have investigated the rigidity percolation phenomena in a FIC, conditional glass forming system. The appearance of rigidity percolation in ion conducting oxide glass system is not as apparent as in case of covalent chalcogen based glasses. The rigidity percolation fundamentally requires short range, covalent bonding where n plays most significant role; in case of long range, ionic bonding, the percolation gets perturbed by higher order coordination. Besides, the glass formation in conditional glass formers is not as smooth as other covalent glass formers like SiO 2 , GeO 2 , P 2 O 5 . There are significant differences between conditional and other glass formers from chemical and topological aspects. The nondirectional ionic bonds make the system fragile and the temperature dependence of viscosity deviates from Arrhenius behavior.
In order to know, at which threshold, this fluctuating behavior transforms into a stable profile, we examined the nature of heat capacity and interestingly, it changes sign during this transformation. The thermodynamic aspects of negative heat capacity suggest heterogeneous clustering within the system. This observation of negative heat capacity corresponding to heterogeneity of the system has been identified as a novel method for detecting NSPS. The XPS study reveals the formation of
[-Mo-O-Ag-O L -] bonds to give rise to the required covalent nature of the system. These two conclusions together establish the reasonability of the existence of rigidity percolation. Finally, the measured value of ΔH nr , while plotted against composition, exhibits well like global minima for 32.25 ≤ x ≤ 35. This denotes the IP where the system is rigid but stress free and ∆ ~0.
